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THE BUNSEN. ASPIRATING PUMP AND THE BERNOUILLI 
PRINCIPLE. 

B Y W I L L C. BAKER. 

SYNOPSIS. 

The usually given application of the Bernoulli theorem to the Bunsen aspirating 

pump is shown to be fallacious. Experiments are described tha t show it to be an 

impact pump. 

A /TOST text-books in dealing with Bernoulli's theorem of the pressure-
IV A velocity relations in stream-line motion, cite the Bunsen aspirat
ing pump as an example. It is usually stated that, in accordance with 
the principle in question, the pressure at the smallest section of the 
nozzle must be very much less than that of the atmosphere, owing to the 

great velocity of the water at that point; that air is 
accordingly drawn through the side tube provided 
there; and that it is carried away by the rush of 
water in the enlarged channel. 

Doubting the application of the principle to this 
pump, it was thought well to construct one in which 
the constriction should be a cylinder long enough for 
the attachment of a side tube through which pressure 
measurements might be made; and to compare the 
actual water pressures at the narrowest part of the 
flow with those obtaining in the pump itself. It will 
be at once evident that the average velocity must be 
the same at all sections of the cylinder, and, if Ber
nouilli's conditions hold, that the pressures must 
therefore be the same at all sections. Either viscous 
or eddy friction, if appreciable, would cause a pres
sure gradient even in this region of uniform average 
velocity. 

The experimental pump was as indicated in Fig. I. 
A glass nozzle, AB, tapering from about I cm. diam. 
to 0.364 cm. in about 4 cm. of its length, led the 
water, through a smooth joint to a brass tube, BC, 

4.2 cm. long and 0.364 cm. internal diameter. The joint was made by 
melting sealing wax, 5, into a cup soldered to the top of the brass tube, 



VOL. XIV.l 
No. 3. J THE BUNSEN ASPIRATING PUMP. 2 2 9 

while the brass tube and glass nozzle were held centered by means of a 
metal rod that just fitted both. Nine millimeters below the point B, 
a hole .5 mm. in diameter was bored and a side tube, DE, was soldered 
on over it; the inside of the main tube being broached out smooth after 
the soldering. The brass tube BC, projected through a rubber stopper 
G into the vacuum chamber. The throat of the pump CK was 4.38 
mm. in diameter and 2 cm. long, and was blown onto a tube KL> 8 mm. 
in diameter and 15 cm. long. Mercury manometers (open-end) were 
attached to the vacuum chamber at H and to the side tube at E. The 
mean velocity of flow through BC for any condition was determined from 
its area of cross section, and from the volume of water discharged per 
second. The latter quantity came from the measurement of the water 
caught below L in a known time interval. 

As the pump was connected to the city water supply, the velocity was 
not quite constant and the pressures shown by the manometers varied 
from time to time for any given setting of the tap that controlled the 
flow of water into the pump. Thus while the pressures could be read 
at any given instant, the best one could do with the velocity in the 
cylinder was to take its mean value over a period of the order of a minute. 
This accounts for the fact that some of the experimental points do not 
fall as closely on the line as might be wished and for the fact that when 
a point falls below the Q line on the graph, the corresponding point is 
equally below the R line. (See Fig. 2). 

Table I. gives a set of readings of the manometers attached to H and 
to E and the corresponding velocities of the water in the cylinder BC. 
All these pressure-differences are in cm. of mercury, and are all less than 
that of the atmosphere. 

TABLE I. 

Velocity in BC. Pressure at H. Pressure at E. 
Cm. per sec. Cm. of Mercury less Cm. of Mercury less 

than Atmospheric. than Atmospheric. 

405 4.4 3.2 

770 12.7 8.7 

1002 20.5 14.2 

1120 24.1 17.0 

1280 32.5 23.2 

1515 45.1 32.9 

1680 55.4 40.7 

1780 62.9 46.0 

1902 74.2 45.6 

2230 74.5 38.0 

The glass part of the apparatus (H to L) was now removed so that the 
water discharged into the open air at C, and a set of readings of the 
manometer at E was taken for various rates of discharge. These are 
set forth in Table II. 
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Velocity in BC. 
Cm. per sec. 

598 

1270 
1820 

2000 

TABLE II. 

Pressure at E. 
Cm* of Mercury greater than Atmospheric 

2.8 

7.6 

16.3 

20.1 

The graph in Fig. 2 contains these data plotted as dots (and a second 
set as crosses). The abscissae are squares of the velocity in units of io5, 

and the ordinates are the actual 
pressures in cm. of mercury. The 
dotted line at 76.1 gives the at
mospheric pressure at the time of 
the experiment. Curve P contains 
the values given in Table II.; curve 
Q those from Table I. for the mano
meter at E; and curve R the pres
sures from Table I. for the mano
meter at H. It will be noted that 
when the pressure at C is atmos
pheric (curve P) the pressure at D 
rises as the square of the speed of 
the water. This of itself shows 
that the condition for Bernouilli's 
principle does not obtain, and that 
the increased pressure in the small 
tube is mainly due to eddy cur
rent friction. If Bernouilli's con

ditions existed, the pressure at D would in all cases be the same as 
that of C, i.e., atmospheric, for the mean velocities of the water at both 
points is the same. The second important result is shown by the curve 
Q where, for any given velocity, the pressures at D are always higher 
than those at H (curve R) by the same difference as that shown for the 
velocity in question by curve P, and this holds even after R ceases to fall 
when Q bends up parallel to P . In other words, the difference of the 
pressures at the points D and C is dependent only on the velocity, i.e., 
only on the eddy current loss between the two sections. When the 
pump begins to reduce the pressure at the point C, the pressure at D falls 
by the same amount, as the plot shows. Thus the pressure at D is the 
pressure at C plus that required to overcome the eddy friction between 
the two points. 

The whole effective work of the pump is therefore done after the water 
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has left C, and the ordinary application of Bernoulli's principle to this 
instrument is fallacious. It is an impact pump, the action of which is 
made plain by the following observation. If the pump be held vertically 
and the water turned on carefully it is possible to get a jet that travels 
down the axis of the tube without touching the sides. In this case there 
can be no pumping, as there is a free air passage between the jet and the 
glass walls right up to the vacuum chamber. If now the finger be 
introduced for an instant into the jet at L, the splash at once runs up 
the tube LK; the water forms a barrier completely filling the cross 
section and this is driven down by the impact of the oncoming jet. The 
splash at impact continually forms fresh barriers that in turn are driven 
down against the rapidly growing pressure-gradient in KL. The action 
is that of a series of continually formed "pistons" of this sort that carry 
the enclosed air down with them. The function of the baffle plate in 
so many pumps is obviously to set up this action. 

Consider now the effective region from the throat K to the open end 
at L. The motion is turbulent in the extreme, and the usual Bernouilli 
principle cannot be applied. Nevertheless, if we consider an approxi
mately steady state in which the pressure-difference between L and K 
are constant, we may apply the conservation of energy after Bernoulli's 
fashion if we take account of that passing into heat through eddy friction, 
and carried out as heat at L. Taking the origin at K and measuring h 
positively along the axis KL we may write the average velocity at any 
section (of radius r) in terms of the velocity (V) and radius (R) at the 
point L, 

.R2 

V 

for now the pump is carrying away no air (by the hypothesis of no change 
in the pressures at H and L) and the tube runs full of water. The force 
required to overcome eddy friction for a length dh along the tube near 
this section, is given by 

C 2-KT dhpv2, 

where p is the density of the water, and C is a constant. Thus the rate 
at which energy is passing into heat here is 

C 2wr dhPV3R6/rG, 

and the total heat so formed between L and K is 

C 27T VSR*p 
rLdh 

JK r*; 

but as r is a function of h, the quantity under the integral is purely 
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geometric and is constant for a given pump. We may then write this 
more simply as C'F3, where C is the product of the constant terms in the 
longer expression. Adding this term for the energy carried out of the 
region at L, expressing both mean velocities in terms of that at L, and 
proceeding in the usual way we find that 

This at once becomes 

giving the linear relation between V2 and the difference of pressure at L 
and K, that the graph shows. 

It might be mentioned that the laboratory has some metal pumps in 
which the side tube has been very carefully inserted just at the point of 
greatest constriction. These have evidently been constructed by some 
one who relied on the text-book statement in regard to Bernouillis' 
principle. The pumps however flare out in a cone from this point and 
give no opportunity for the action described above. Needless to say 
they are very poor pumps but are fine examples of a mistaken application 
of theory. 

It may be of interest to record that in an early pump the water passed 

Velocity in. BC. 
Cm. per Sec. 

420 
725 

1080 
1300 
1360 
1400 
1450 
1540 
1630 
1710 
1760 
1880 
1860 

TABLE III. 

Pressure at H. Pressure at JS. 
Cm. of Mercury Less Cm. of Mercury Less 

than Atmospheric. than Atmospheric. 

4.8 
10.0 
21.9 
30.5 
35.1 
37.6 
40.0 
42.0 
50.8 
61.0 
67.5 
72.7 
73.3 

3.1 
7.2 

16.6 
23.3 
26.4 
28.1 
29.8 

'72.4 
73.6 
73.8 
74.0 
74.1 

.73.6 

suddenly from a tube of internal bore 8 mm. to the brass tube BC. 
With this arrangement the pressures at E were greater than those at H 
only until a velocity of 1,500 cm. per sec. was reached. At this point 
the manometer at E shot up to nearly its maximum height while that 
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at H followed more slowly. Indeed that at H did not rise quite so high 
as the other even at the highest speed then attainable. The facts will 
be most easily seen from Table III . The effect is attributed to the 
suppression of the vena contracta as it completely disappeared when a 
tapering nozzle was substituted for the sudden change of section. 
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